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PROBLEM TO BE SOLVED: To provide a thin film capable of being operated in a high temperature area by 
solidifying the electrolyte formed of the molecules having the structure that both of the inorganic material such 
as silsesquioxane or silica and the organic material such as polyethylene oxide are chemically bonded to each 
other through the urethane bonding, the coagulating agent and the conductivity giving agent. 
SOLUTION: This proton conductive thin film desirably uses 3- isocyanatepropyl-triethoxy-silane and 
polyethylene oxide, and as the inorganic material silsesquioxane or silica of mono-aryl tri-alkoxy silane is used, 
and mono-phenyl tri-ethoxy silane as the mono-aryl tri-alkoxy silane is used, and as the mono-phenyl tri- 
ethoxy silane, mono-aryl tri-alkoxy silane is used. This composite solid electrolyte film can be used as the 
proton conductive electrolyte film capable of being operated in a temperature area at 100-160 degree. In this 
area, since electrodes are not influenced by CO, the reformed gas can be used for the fuel, and the high 
molecular fuel cell using the liquid fuel can be manufactured. 
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y 7 =: n/i' b y :c h df 7 i^-efe 5 2 V ^ La 

0] *«y y^^b-a-i^i: tx. *y Kxi/ 
-rM-(Dx>k-oicmm^titzMM.mii.x'i^mx^i>y'ti 

If|*:Jli2l ^yXiJ'-t LT^Vi/;^ hy 
tJ«S ^J' V :^ -r ^ y ^ft: Sr ffl V ^ S If *a 2 

[If 13] f-'f y(<D:nmun^m^-t^<^n 
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mmmm^iri^^^'&xmm^^^^tirwmti-^ 
^m-r^mm^Mm^'^/T y -/u h y T/p^+v^e^y 

[If :}?3S 151 y 3Lf-l->:i-^-> h'n^^mH)^ 2 0 

0 ~ 2 0 0 0 Xh 9 . — o(75fi&t4SXt>*-?:(7)flil(75j!)P7K^ 

[f»*Ji 1 6 1 mmmcommm. m\c^^^h-r^:i 

[ff*iI17l ^jl^S'('y7'p/V-/l'T'fo5»*« 

1 3~|f*9i 6wv^Tti;5^ro-otcje«$ixfci«?fiM 

[If *JI 181 ®@ Lfc^n h 

>!jpfRi*aiai-2)if*]i 1 3~if*« 1 7(D\,^-rixA^(D 
—oictm^MzmM-mrnx'^mx^ h^e^tt 

im^m 1 9 1 Jnfi4aaS:^Stt;!f fT-fir 5 If 
[0 0 0 1 1 

f^^-^ ^i^&t±^ya h>{s^m^mm. mnmrn^^tt 

[0 0 0 21 

m^o^m] y^ hyBmit<r>m^^nmt{.xit[hi 

Ponttt-^DowChetncal?±;5» t J^-'I'J}^ >'it'^<— n M 

(Perfuorinated sulfonic acid membranes ; USP3, 28 
2, 875:USP4, 330, 654) jJS-g-fife^n, v'^ 5 ^^If^o' 

^ffl^tlfCo NafionlHiiSJffi/^fctoJ:: (15F>|tfcfc t> 10 

:5RieA±(7)ii*&) . 'H^x^m^^mnmm.mmi^n. 
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[000 31 

■ty^^m^xmmtf:fti h>^Bm\i<omm^i^i^-r^. 10 
t mmom^^m^ b-^jjfe-r^ff^fet ^ws*fi*i#3tt 

[0 0 0 41 

^mm-^un^m^i--<<m^^^%:n^rzm^. mm 20 
wi:mithxf£imummxi^W}xt^yj^ 

W^^m^i-i>iC^^tz„ -r/ U^JUtlll.. 1 0-9m 
L-C(4, ^yT5 K^dfy -< ? K^/Ky J^^U 

i:^-r^mmi\:^mtR!t^:^^xmimi^ (7°y:*— y-) 

-V/Hry^df L-> y ;(7 i y 315^ u>;^-d^-y- 

^ K (£^T. PE0i:m5) U'-^/i'T'^t-g-Lfc-lry 

«>|C200"C£]l±* T-«WI^;dS& 5 d» »3 /!»\ h V 40 

Bmm^t,umm\^i^^^xi,^mx'^^, ^n^t^v^y h 

h (Monododecylphosphate ; MDP) Sr^'o-BI't' 

(DPEom^h'~yvx:ft2 hy&^i±^ma-r^o *^ 
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=^-->'-^7:^t<l-*y7*-/U3ih^v'->7:^ (MPT 
ES) hdfv'v'^V (MPTMS) d^M 

Yt<\Cji}^m.2 0 0/iV^U2 0 0 OOtOijJifi L. 

HfflJi. fP$nS®llroii56ftl4 9 8%~9 
9. 9 9%(0|£Hoto-efo5<, r<©i 

ffllcAS r t lis 5 tSflViw *^Pj-e^y -y-^- X(D 
[0 0 0 5 1 *l8BJ-efflt,%P,tt5g^1tf+W»tt> ^' 

^'^^y'. h y y^^roiiSf^b^Ky^, ^>i5^;:?.x>^/i-pa- 

[0 0 0 61 

( 1 ) mmunt^mu^i:-ry ^^/w-c-^cos^ 
i)^ht£h mmv. i:m\t\^xfii> mmMi$.x^m x^h^ 

(2) M1t^^|4;45->/^^^;^dr;^-dr■^^:^/^v^L->y ^r- 
fe"!). w^#m5jKyai^ui^:i-df-y-^ K-efet). i^* 

(3) 3-'1'y->T^'(' KT'ntVP- h y h^v-- 

«2Sfcnif*]S3ffi«©iSiiaffl«-C'f^iiiT-#5yD h 

(5) ry — h y Tywa:^!^^^-:^^ 

h y 3^ h yxhi>m^^ 2 Lit *S4 

( 6 ) 5^if^l:200~2000O5K y K?r 



5 

(10) y V^f k^!^ i LT , ^ / Kx v-zl^^ ^ 
7 31 - h >lr ffl V ^ :5 2 V ^ Lit 9 (D V ^-f ^x>0^ 

(11) €^<4##SJt LT, ^'7;^^'-Srfflv^5i» 

(12) i^y^f'-tVXi'l^ify'^hDi^^RV^t.tz 
19*^1 irov^-fniii>o?>io(c|E«c$ixfcigMfS*^T- 

(13) ■r/-^^y<(D:^tmm:m^-f-?>mw<f)tii?& 

(14) :^/1>--^'X<DW«6W^ff0^t-§ife»;S5jKy 

(15) 7K!J3Q^i/>^df->K«:5>^-l:d^2 0 0~2 

■5 y 7 in =/u h y h v- 7 vr-fc 

Sftt^K;45:te®?t:-fe2)tf*«l 3ifc(±l 4tetto 

m&^i$.X'imx^:hyo hy&mi±»m(Dmm:)jmo 

(16) ^iaSiJ(^^JBm. M-S^irl-i 
Uif)»?rS!ijti-5^*«l 3~»*«l 5<7)V^■f^^;5»© 
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(17) mmiiu y^rn^</-;i^x'h?>m^mi 3-- 

(18) Lfcya h >e«tt»M?rl£jl»^. AP 

fi^a-r 511*^1 3~tt*iii 7rov^-fniO>(o-o(c: 

(19) M*aaSr^ett;(f^^t?fir 51**9 1 3~ 
it*9i SOV-ftv^^ro — o\cidM^Mcmm.mWiX'j!^ 
Kit:- 1 5 h ^-e^tt^H roS3g;^fe„ 

[0 0 0 7] ^^>:v^T^ ^^momWRxfMMm^^^^x 

isro5^^o^n-(o^m) ^Bj#(4. a*(^*i^^iiL 
^*ofc7^^y3l^^y::^-^■!^xr K (peo) t'i'y->T-:f- 

- h h y :n hdE-->->7:/?r5]J;;$-H:3i>'K=Sr-Vs/>^jKy 

Huig«s: (^y*-- y— ) xh'o. m^^m(o^^Tx^ 

/y :^=-)V^Y^'y'yy> (MPTES) Sft 
^•tirSr ttcj;?), ->yHr;^dE-::f:^rf->?tv^L.iyy;& • 
PE0«^tti|S|-SrSS!j§1-5rt^STt^, PEOWsKy^-^ 

t/Ky-r-|S5:»-WitSr'2;iSi:, PEO(Z)/J< y •^'-|fP:J>ro 

nm!c^i.\f^\^^^m<n>m!m^m-h^. PEo^^^g 

^5^^ < /iSfdonPEO^S^H^aftLT 5 ' t ;45}t£|JBJ 
L. PE0(O^^»^ft5g{t;1-5:ii::45^«ST'fo5ii:^5 
^ofCo 7 5)-f-;5^bJiSPEO (fi$|«]3nm) "Ciy/U-t 
^ dE-;t ^-y- Wjv ^ L y * ;i5igi^ L^«jt««-^ttW 

a^Li^^r i:^5(5^ofco ->/L-fe;^^^^-y-i^:'iv^L'>y 

;& • PEO?i-g-Wi|sf(Z)>^n h:x^^tt{4, *y Fx -WW 7 
^:^7:x^-h (MDP) ^^*&-{rK-yi-5ri:(-J;t) 
|B]±1-?)o ->/^-fe;^^^^-t^>^cl/^L->y * • 

PEOlt-g-IKtoiWIIfttt t SiKtt^ffliflil-'S fcJ6(cSJEEmilE 
(7'y*— y— ) ic$e>{c^y7i:^ywhy:xhdf-i/ 

v'7>' (MPTES) SrJn;t5ri:t>T-#S, *W5ElcBV^ 

T^y ya: h:^->v'9>' (MPTES) ^^MX- 

5 r i i 19 Siktt i ifHfRH4;dS[S]±-r 5 d t ;i)5fijo fc„ 

■fe;=!.^:t*-y-v/j:v^L->y * •PEo^i-g•^y■y;<^— y- 
MPTESSmiDPo«S^'X;t''<e;i5^a>^K)14K€rito 

10 0 0 8] 

(HiS^iJll (aiVKdr+i/yS^^mligflsro^^ffi) T 
|B(73^I-C:^$tl-Sn= 1 3. 5J-^fi5 9 0 (*6S 9 9 
%) ©JKy 3i5^uv;r*-y--< K (PEO) 1. 4g (0. 
0 0 2 3 7 3 *;U) 

Utl] 
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n 

poly(ethyleiie4«ide) OPEO) 

RXf. Tsd.(D^UT7fi^ixi>3-^ y-yr-r-h—yo * (0. 0 04 6 9 6^/U) 
tVPMJ3ibdf-v'->7V (I CPTES) 1. 16g * Ut2\ 

c.H.o — Si— (CH2)3-^N-=c-=0 n 
OC2H5 

3-isocyanatopro]}yl triethoxyshi lane 



-v'Life;a5?>60'ClCj!jpf^#i-5. ii^SJ^:i43BT-tJ T'^HTTISO^III (n=13) T'^$ix-5:tVK^ 

l^^7-f-5^5^^ife0iJ-ej±K/$;^rfll45BPflSl5$-1t 20 -^y7°PE02. 5 0 g (0. 0 0 2 306*>'l') 

C2H50-Si-((3{2)r-N-i-0-(CH2afe0)a-'(!:-,A-<afe)j-s'i-0C2ffe 

m 

;^f■3'^'S^J!2:p«^c^m#$^^5. 3o ^/ yv'->ji'y±:^yz,^~-h (mdp) o. 2g 

(=Sr^;^ M^of^^fe) ;«/7;^lS!95^« (50ml) ic^y* nk4l 

o 

GHz CHj CH2' CH^- ^CHT ChT? 

o 



IV 

^y-h7\iYnyyyO. 2 g LfcSg ( 1 g/g 

THF) ro^S^^rf^fSU, rixi:TI5«)S;v-C^$tvS^ 40 
y 7^^1/1' h y 31 (MPTES) 0. 6g^Jfl 

xTM#1-5o MPTESt:i^y K=3E--Vv'7°PE0yU;it;— 
(^ai:<0'&t1-S:2g(c:-r5, rti-C^y ^i^yu h y 3: h 

:^r->->7>- (MPTES) 3 0w%, Ji^' K^-^ -^T'PEO 7 0 
^ X 7 31 - h (MDP) 1 0 w %^J!)n $ tLfc«^K»^ 

N(OJfi^^;!jp^-c$e>{i30#rajiif-t-So fl5i7KSJt6iiJ; 



;OSlmoU HC1;JS0. Olmolir/iS J; ptr-fSOiiSM* L 

V\ /-Ky ;^5^W:^Sv'-V-W (rt^:90rara) \zmmi)^± 
«:tcjl£>45 5J:ptc+-t;^ h 1lS^j*«l4'-C*60'Ct:'l2 

:nr^/Whyjlb:3fV'->7> (MPTES) ^fflV^fc;i5, itt 

(MPTMS) 5:IIV''T't)Sl/\ 
[0 0 0 91 (MPTESi:3i>'K^-^y7'mi«#:<DS/S) 

(MPTES) 
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iy'yyly (MPTMS) 

lite] 

9 

OiaO—Si-OCHa VI 
OCH3 
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* t:^>V^\'y:/ntimi^ Will) Ii3ihdrv-K. ^ h 

(HCl) ^J5P^6r ttCi iJinTK^T-^ (Hydrolysis) $ 
i^5<, K^■1r5/7°H^JK^*:(0*S->7/->'^'bl^1ll^- 
^B*5><8 (Hydrolysis) ^ix5;i5iM5^^-«5tt7kffia-^ t 

(4. */73ln/^^!J3c har'>'>7:/ (MPTES) SrTIE 
(1) ICi^oT3 Ow%fflV^fcii:«. BftK^WirJS 
•) r-fcSo Hydrolysis ^FtiaftTK^a^-fS r ir t^li "5 ffi 
10 ^SJSmilM^*^;65A^$tv5«^i^^k¥SvilAp*3><5¥ (H 
ydrolysis) ^SLWb^^VIII^fi^ (Plycondensation) 

[0 0 10] 



* 

ibidrshcsiafcompretely hydrolysis is indicated for simplicity) 





CH3O -S'i-0CH3 ^3H20-^ HO-sUoH * 3 CH3OH 



H+ V" l' ? OH OH 

w 



[0011] 



(7) 
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EslyoOQdensationOlon stoJchiometrioally balance)' 




HO-S'i-OH * HO-Si-(CH2)3-l!l-6--, 




i .11?" 

In 



i 



^ ft 



[Doping%of MPTES (w) ] = [MPTES (w) ] / [MPTES (w) +EC-PEO 
* 1 0 0 • • (1) 

EC-PEO : 3i> K^-y s/^PEO 

lOOram) iC^LXmU^'Pr-mi^T. S*#I1^T'6 0 
'C~ 1 2 ot;-c- 2 1 2^F^JPl^i-5„ miiv- 



MPTES© K-7°1:^£;ITT'S 



(w) ] 



Sl^J^^CTff^ ^i:!!)5T'§.5o AaW)^C::^a h ^-fi^ffi 
-h®rn7t Kn77:^^^ g/gTHF) 
0. 0 INrolfigJ^^AD-t-So $P)(C^j^L/<C;65t,, 

Slfig (aging) SrfT 5 o 
[0 0 12] 

lM^m2] ^jyi.=./i-h]):^\'^'y'yy> (mpte 
S) (D^JP (K-y) *Sr2 0w%i:L, ;5^o, K 

T^->yU7;i-;^7 3:— h (MDP) (O^M ( K— 7") i^J^ 1 

0 w% t /£5 i 9 Lfc{s*>(illi£FJ 1 1 Italic LTT* 

[*tt^j3l ^i::^/!- NdrViyyV (MPTE 
S) (0^*P (K-y) Ow%tL. ;4>o, K 

[Doping%of MDP (w) ] = [MDP 
* 1 0 0 - • (2) 
EC-PEO : V K ^ 7°PE0 

7^Lith<ox'h^o ^tih(D^m ■ mmm-^m'px^j^m so 



h (MDP) (DmM (h'—y) mil^l 
0 w% t 5 J: 5 1- Lfcfi*^f4 IIJ6«RJ 1 1 mmic LT 

lMMm4] ^/ vf'yiy^y^-^y^—v (mdp) 

*P (K-^) 4?r2 0w%t;fc5J;plcUfcJad>tt ^ 

[Ilffi0ii5l KT^'->;i'7;f;^7i- h (MDP) (D^ 
AP (K-7') 0 w%i/<£2)J; p(cLfcli;4^(± * 

30 mm 3 1 L-c^D h ye^tt»i^^f^^ Lfc„ 

l^ffi0i]6] ^ J Y^~yjvyisr7.y (MDP) CD^ 

AP (K-t') l:?r4 0 w%ir/fc5J; p(cLfc}id>(4 ^ 

l^Mm?] ^ J Y'f'yivy ^■:Ay ^—v (mdp) (D^ 
AP ( K-y) 45: 2 0 w% i: Lfcli^Mi IIJte0iJ 2 1 1^ 

[0013] (y o h >e»tt»*J^) h Vg^tt 

n.^m. • wmi^mF\^ y y^^ffiStt^iT-fo^MDP (m 

onododecylphosphate) ( F— 7") 

40 r tJ;::J:f3ffofc„ i {-*J^/^Ttt, mopStTIH© 
S (2) (r^^ev^l0 w%fflv^fc<. *^bjic*dV^T(4. 
^AP (K-7°) iJiMDPO^AP (K-T") m»JtSrtJlT 

(w) ] / [MPTES (w) +EC-PEO (w) ] 



6<]I^10%, 20%. 30%, 40%eD^j!)n ( K-7") M^Uit 
[0 0 141 (^n h ^^^^(^Sijie) df^^ l,^^ $fc 
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dW±». 1260gJ) ^fflV^TJi^g^|fcSrO. lHz~2Mz(D^ 

SrSlJ^ bfc. MPTES 1 0 w%-EC-PEO 5 9 0 9 0 w 
% t (4, 3 -t'Mig Lfc^MT'fc 9 . 5 9 0 

9 9 %) i: 3 — r y ^xr-^-- h-t'd tvu h y 

\ (^%<r>=^ J y :^=.)\^:^y^i/^yy\y (MPTES) 5r 10 
S^Lfca)SK»fig!^Sr®?tt'^K0. 0 1N:^^*ffli/^ 
TH-fli^-fr. 6 OlCT'l 2«fWfl;iSLfc'i>0-efe'9. M 
DP (4, *y y'^^yW^ hdf-->i/7:/ (MPTES) 
^iP Lfc t) cDTfe 6„ %%m 4 Til ^ U^i^t^J 6 CO t W 
ilJSLfco (Conductivity) , 

(B5J;5I-, MDP»^JP»;45^V^iJi:\ (Cond 
uctivity) \±X^<fi^^ 1 0 0*CW±t-'ioTt,. # 

7°i3 h:/fijig^5MDPK-7°»tc^#<ft^¥LT 

J; 5 1 r t ?r^i® L-Ci/>S, 

[0015] (fi^^tt) ^-YX bfl^^igJtlfc^^Bft: 
m^KMOiae^l^^tttCM LTHTG-DTAS:ffiV^T^-< 
P>ixfc„ ®a±#irtJev>, MDPtcSi*uy5:*;J5l50S#ig 

T^^Lfc^. MDPgm4(4300ftia5>»L. 'tVlC5!§r 
igcl>-CPEO>55350ftfi:»-fif-f -So i/i^'^y^^^^-^^yfi.'^^ 

Li/y ;«? 1 0 w%-Ec-PE0 9 0 w%oiS-g-@ft;fl:^K^ 

(Ilit0ij6) &U5v'/l'-k;^^;t=3s^-!^y)iCV^L->!;*2 0 30 
w%-EC-PE08 Ow%©S^@f^fl;^R^ (3IJgf!)7)- 
(COV^Ttt^Lfctr^, 03 (SStt:^^!^ (Conduc 

tivity) , filtti-fe/Pia*) wifem?r#;fco 

[0016] (fe^a<07K*5^JHS#tt) *ffi0iJ 7 T'# 

ll^Sr7k*l-b. 7k^5>jl«:0. 01-1. 0^ffi*-C^fb 40 

5:124 («J$ft:fe^S (Conductivity) . Mtt : *l^i± 
ti) lcS^Lfc„ *PS^OM*!JS60g. ■fe/l'iilftSOtfT'SlJ 

[00171 (e««©*^^:»ffife#tt) *lg«3J 7 T- 50 
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5>EEroTT-aiJj£Lfci^»Sr05 (^iWl : ^3?-* (Conduc 

tivity) . iii«i:Mi§ss) iCTjk-r, -ff)mmx\m 

S•fey^fiSSr80S^;l-^(^b, JPSSfiaSr40g~iio 

htz. APSSiaS;i5±#-rs(con. -r/j:^:)*,*S^^> 
)£;45±#-r?.('otx7'n hV'g#Sl4*^4^ff, 1-;ii5*,l 
OOOOf^ldtttJD-t-S. t < lc-feMaaiCj£< /j:670^f^ 

[0018] (iK?i.^«-CcDy^n h >BmS.) 

r t mum $ tifco M^<^ias%-fe/waft i *) smtz 

iafn7K^^)±t7)^{4=TT'160S*T-ro7°n h 
>'e2SS^SiJSLfc[i|3 tfcV^T. 20%. 40%ro2o 

SiJSL;fct>K)-efc5o 20%. 40%©iS5*wf->7'/Hc 

1 1 ice^ft (410-4 s /cmss* x-m-^Mcm^j^ t 
Tv><„ r^^{4^pSbT(4u^T'baft±#rofc«!)^-^F*9 

;45 1. 160ft S4 T'^MIi-frT t-lO-4 S /cm U-<>V<n-f 

(^(4*^BJiS1fi:#-C-ft?DT-fe5„ 100S~160ft*-ewfi 

ftMl^-r-Kv^ (10-4S/cm«±O) T'n hy-g^t!fe$rW 

i6TT-fe5„ 
(0 0 19) 

ffl V >tv«iooft ~ leoftofift^^-cf^Ki-f- 6 m^^k^r 

J; 5 ^<efiffi®i|cTA»(^ffix.5iii^^^^la^^«»Kf4^^i 

h>e«fr^ii(*:-a<5fWi: x^xm^^tzmmnm-mm.^ 

c:©fiftffi«T'i4tt®;65coro«^*Srg»t/iv^fe*lc 

^ ^ / y Lfc^H;^/:^ ^^14^: tii*2)/c 

BJ0„ 

[0 21 MPTES©jl-^l:;dSiO%. PEO^J-^-SijS 5 9 0 W 
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m 3 1 -fe/i'ias* 6 ot;~ 1 6 ov^x-mt^'ttz 
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